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Background: Respiratory infections are the most common infectious diseases in humans worldwide and
are a leading cause of death in children less than 5 years of age.
Objectives: Identify candidate pathogens in pediatric patients with unexplained respiratory disease.
Study design: Forty-four nasopharyngeal washes collected during the 2004–2005 winter season from
pediatric patients with respiratory illnesses that tested negative for 7 common respiratory pathogens
by culture and direct immunofluorescence assays were analyzed by MassTag-PCR. To distinguish human
enteroviruses (HEV) and rhinoviruses (HRV), samples positive for picornaviruses were further character-
ized by sequence analysis.
Results: Candidate pathogens were detected by MassTag PCR in 27 of the 44 (61%) specimens that previ-
ously were rated negative. Sixteen of these 27 specimens (59%) contained picornaviruses; of these 9 (57%)
contained RNA of a recently discovered clade of rhinoviruses. Bocaviruses were detected in three patients
by RT-PCR.

Conclusions: Our study confirms that multiplex MassTag-PCR enhances the detection of pathogens in
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HRV-C, may cause a signifi

. Introduction

Respiratory infections are the most common infectious diseases
n humans worldwide and a leading cause of death in children
ess than 5 years of age.1–3 In the United States of America, acute
iral respiratory infections (ARIs) are a significant cause of morbid-
ty and hospitalization in children.4,5 Identification of previously
nknown respiratory pathogens may lead to the development of

ew therapies and vaccines to treat or prevent ARIs.

Recently, a sensitive and highly multiplexed PCR platform,
assTag-PCR, was designed to address the limitations of conven-

ional multiplex PCR.6 MassTag-PCR simultaneously detects 20–30
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hat previously unrecognized rhinoviruses, that potentially form a species
amount of pediatric respiratory disease.

© 2008 Elsevier B.V. All rights reserved.

ifferent viral and bacterial pathogens.6–8 Employing degenerate,
enus-wide primers, MassTag-PCR also recently led to the dis-
overy of a novel, rhinovirus-related clade of picornaviruses in
ssociation with influenza-like illness in New York State.7

We analyzed 44 specimens that tested negative for known respi-
atory pathogens by culture and direct immunofluorescence assays
sing MassTag-PCR and identified RNA from viral pathogens in
7 (61%) specimens, including RNA sequences in 9 (20%) spec-
mens, that matched with a recently discovered novel clade of
hinoviruses. Our results show the importance of characterizing
he role of these newly identified picornaviruses in pediatric respi-
atory disease.
. Methods

As part of an ongoing epidemiological investigation of respira-
ory viruses at The Children’s Hospital, Aurora, CO affiliated with

http://www.sciencedirect.com/science/journal/13866532
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he University of Colorado Denver School of Medicine (UCDSOM),
e had archived at −70 ◦C nasopharyngeal washes (NPWs) that

ested negative for influenza viruses A and B (FLUAV and FLUBV),
espiratory syncytial virus (RSV), parainfluenza viruses 1, 2 and

(HPIV-1, -2, -3), and adenovirus (HAdV) by virus culture and
irect immunofluorescence assay (DFA). Forty-four such speci-
ens (mean age ± standard deviation (S.D.) 40.1 ± 33.4 months,

2% male, mean day of illness that specimens were collected
.2 ± 4.5 days) obtained from pediatric patients with respiratory
ymptoms that had previously served as age- and season-matched
ontrols in a study of coronavirus prevalence in Kawasaki disease9

ere analyzed. Use of specimens and clinical data was approved by
he Colorado Multiple Institutional Review Board.

Samples were prepared and analyzed by MassTag-PCR,6,7 using
rimers that targeted FLUAV, FLUBV, RSV-A, RSV-B, human coro-
aviruses OC43 and 229E; HPIV 1-4; human metapneumovirus
HMPV); and human enteroviruses (HEV) and human rhinoviruses
HRV).6 Because a MassTag panel that includes human bocavirus
HBoV) primers is still in development, we also analyzed all samples
y singleplex RT-PCR for HBoV.10

The degenerate HEV/HRV primer pair used in MassTag-PCR tar-
ets conserved motifs of the 5′-untranslated region present in both
EV and HRV.6 Samples positive for HEV/HRV by MassTag-PCR
ere therefore amplified for sequencing and genotyping by nested
T-PCR using degenerate primers that target the VP4/2 coding
egion.11

Duplicate aliquots of all specimens transferred to Columbia Uni-
ersity (CU) for analysis were kept at UCDSOM for conventional
T-PCR and sequencing, which independently confirmed MassTag-
CR results. Medical chart review was done to correlate clinical
yndromes with the specimens analyzed.

. Results

Forty-four NPWs collected between December, 2004, and July,
005, were analyzed independently by MassTag-PCR at CU and by

T-PCR at CU and UCDSOM. MassTag-PCR identified at least one
espiratory pathogen in 27 (61%) of the 44 specimens that had pre-
iously tested negative by culture and DFA (Table 1). Co-infections
ere found in 6 (14%) specimens. MassTag-PCR detected FLUBV

able 1
andidate pathogens found by MassTag-PCR and singleplex PCR in nasopharyngeal
ashes from pediatric patients with previously undiagnosed respiratory illnesses

Number of patients (n = 44) Percent

RV-CO 9 20
RV-A 5 11
EV 2 5
MPV 7 16
BoVa 3 7
PIV-2 1 2
PIV-3 5 11
LUBV 1 2

oinfection 6 14
HRV-A + HPIV-3 1 2
HRV NY + HEV 1 2
HMPV + HPIV-2 1 2
HMPV + HBoV 1 2
HBoV + HPIV3 1 2
HPIV-3 + HEV 1 2

atients positive for ≥ 1 pathogen 27 61
atients negative 17 39

RV: human rhinovirus, HRV-CO: human rhinovirus Colorado, HEV: human
nterovirus, HMPV: human metapneumovirus, HBoV: human bocavirus, HPIV:
uman parainfluenza virus, FLUBV: influenza B virus.
a Results based on conventional RT-PCR.
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n 1, HPIV-2 in 1, and HPIV-3 in 5 patients, suggesting a greater
ensitivity than the DFA and culture assays.

Conventional RT-PCR detected HBoV in 3 (7%) of 44 speci-
ens. Two of these were co-infected with either HMPV or HPIV-3

Table 1). The patient co-infected with HMPV was a 16-month-
ld girl with hypoxia and bronchiolitis hospitalized for 1 day. The
atient co-infected with HPIV-3 was a 12-month-old boy seen in
he emergency department on two occasions with fever but no
ther symptoms. HBoV was the sole identified agent in a 17-month-
ld boy admitted to the intensive care unit with respiratory failure.

HMPV was found in 7 (16%) specimens (Tables 1 and 2) from
atients with a median age of 37 months who were all admit-
ed during a six-week period from February 14 through March 30,
005 with fever, cough, and hypoxia. Five (71%) had radiographic
vidence of pneumonia.

Sixteen (36%) specimens were positive for picornaviruses, of
hich 14 were rhinoviruses. Sequencing of a 500 nucleotide region

n their VP4/2 coding regions showed further that 5 of the 14
36%) rhinovirus specimens contained HRV-A, while 9 (64%) of
he sequences, HRV-Colorado (HRV-CO), matched with a recently
escribed rhinovirus clade divergent from established HRV-A and
B.7,12–15 The demographic and clinical features of these patients
re summarized in Table 2; amplified VP4/2 sequences are acces-
ible under GenBank Acc. No. EU743920–EU743927. Four (44%) of
he HRV-CO positive patients were under 2 years of age; and all but
ne patient (89%) were under 5 years of age. The positive specimens
id not cluster in time: specimens were positive in the months of
ecember, January, March, May, June and July, indicating prolonged
irculation of these viruses in the community. Six (67%) of the 9
RV-CO patients were hospitalized, and two required admission to

he intensive care unit. One of these patients was a 3-year-old girl
dmitted for a severe asthma exacerbation and hypotension. The
ther patient was admitted for an accidental inhalation injury and
ubsequently developed fever, copious secretions, and respiratory
istress necessitating ventilatory support. A chest X-ray taken at
hat time was consistent with pneumonia. The NPW obtained in
ospital on day 6 was positive for HRV-CO, suggesting a recently
cquired, possibly nosocomial infection.

Although 7 (78%) of the 9 patients with HRV-CO had typical
pper respiratory tract infection symptoms including rhinorrhea,
ough, and congestion, 5 (56%) also had respiratory distress (retrac-
ions), 3 (33%) were hypoxic, and 4 (44%) were wheezing. One
atient undergoing chemotherapy for anaplastic lymphoma was
dmitted with a diagnosis of fever and neutropenia. Another
atient with severe cerebral palsy was admitted with clinical signs
f respiratory distress and hypoxia.

. Discussion

Rapid identification of the causative agent of an infectious dis-
ase can affect clinical management and have important public
ealth implications. Accurate data concerning the burden of dis-
ase caused by specific agents are essential for prioritizing targets
or therapeutic interventions and vaccine development. Here, we
eport the use of MassTag-PCR to investigate ARI during the win-
er 2004–2005 season in pediatric patients from Denver, Colorado,
hat remained without diagnosis after DFA and culture. In 61% of
hese 44 samples a viral pathogen was identified by MassTag-PCR.

HRVs are the most commonly implicated viruses in upper respi-
atory tract infections in both adults and children,16,17 but may also

ause bronchiolitis, asthma exacerbations, and pneumonia.15,18–23

n a recent population-based study of hospitalized children under
years of age, the incidence of HRV infection was 5/1000. Inter-

stingly, 26% of children hospitalized with respiratory symptoms
r fever tested positive for HRV; pneumonia was diagnosed in 16%
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Table 2
Clinical summaries of pediatric patients with respiratory disease in whom human metapneumovirus (HMPV), human rhinovirus A (HRV-A), and a recently discovered
rhinovirus clade (HRV-CO) were detected by MassTag-PCR

HMPV (n = 7) HRV-A (n = 5) HRV-CO (n = 9)
Number (%) Number (%) Number (%)

Children
Specimen dates 2/14/05–3/30/05 12/18/04–6/25/05 12/20/04–7/1/05
Male 3 (43) 2 (40) 6 (67)
Median age in months (range) 37 (16–59) 21 (1.5–28) 25 (4–84)
Hospitalized 7 (100) 4 (80) 6 (67)
ICU admission 1 (14) 1 (20) 2 (22)
Duration of hospitalization—median (range) 3 (1–18) 5 (0–6) 2 (2–30)
Underlying illness 4 (57) 2 (40) 4 (44)
Sick contacts 1 (14) 1 (20) 1 (11)

Clinical symptoms
Fever 7 (100) 4 (80) 4 (44)
Rhinorrhea 3 (43) 4 (60) 7 (78)
Cough 7 (100) 3 (60) 7 (78)
Hypoxia 7 (100) 3 (60) 3 (33)
Retractions 5 (71) 3 (60) 5 (56)
Wheezing 1 (14) 2 (40) 4 (44)
Abnormal chest X-ray (+infiltrates) 5 (72) 2 (40) 3 (33)

Clinical diagnosis
Otitis 0 1 (20) 0
Pharyngitis 0 0 2 (22)
Bronchiolitis 2 (29) 2 (40) 1 (11)
Pneumonia 5 (71) 1 (20) 2 (22)
Asthma exacerbation 2 (29) 0 2 (22)
Viral syndrome 0 1 (20) 0
Seizures 0 2 (40) 0
Other 0 0 4 (44)

Coinfection 2 (29) 1 (20) 1 (11)

Treatment
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Antibiotics 6 (86)
Albuterol 6 (86)
Steroids 3 (43)

f HRV patients, whereas 25% of febrile neonates positive for HRV
id not show any clinical signs of respiratory disease.20 A recent
rospective study of acute upper and lower respiratory tract ill-
esses in the first year of life found that HRVs were associated with
0 times more upper respiratory tract disease and 3 times more
heezing and lower respiratory tract disease than RSV.24

Nine of the 14 (64%) HRVs detected in our study belonged to a
ovel genotype recently discovered in respiratory specimens from
atients with influenza-like illnesses in New York State.7 These
iruses appear to be closely related to viruses recently reported in
ssociation with respiratory illnesses from Australia,12 USA,15 and
hina.13

Our findings confirm the power of multiplex MassTag-PCR as
diagnostic tool and show that a recently discovered clade of

icornaviruses,7,12–15 that may ultimately be classified by the Inter-
ational Committee on Taxonomy of Viruses as a third species
‘HRV-C’) of rhinoviruses, is associated with significant respira-
ory disease in pediatric patients, indicating the need for further
pidemiological studies of this virus.
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